Background: Dual antiplatelet treatment (DAPLT) for at least 12 months is recommended after drug eluting stent (DES) implantation, but concerns regarding the extended use of this treatment persist due to increased risk of bleeding. In this study are assessed the incidence, correlates, and clinical significance of bleeding complications in diabetic patients after long-term DAPLT post DES implantation. Methods: We studied 610 consecutive diabetic patients after DES implantation. The primary end point was the occurrence of any bleeding according to the BARC and TIMI definitions. Results: The incidence of overall bleeding was higher in patients on DAPLT (21.1% vs. 4.4%, p b 0.001); minor/ minimal according to the TIMI definition, and type 1 or 2 according to the BARC definition, were more frequently observed in patients on DAPLT (20.3% vs. 3.0%, p b 0.001, 15.6% vs. 2.0%, p b 0.001 and 4.4% vs. 0.5%, p = 0.034, respectively), whereas there was no effect on type 3 (3.5% vs. 2.0%, p = ns). DAPLT was an independent predictor for overall (HR 5.35, 95% CI: 2.69-10.67, p b 0.001), minor (HR 7.45, 95% CI: 3.25-17.12, p b 0.001, for TIMI classification) and type 1 or 2 bleeding (HR 8.17, 95% CI 3.29-20.25, p b 0.001); furthermore smoking was also predictor for overall bleeding (HR 1.65, 95% CI: 1.05-2.61, p = 0.030). Cardiovascular adverse events were not more frequent in patients with bleeding as compared with those without bleeding. Conclusions: Long-term DAPLT in diabetic patients after DES implantation is associated with higher risk of overall and minor but not major bleeding; smoking may have a significant role in the occurrence of bleeding complications.
Introduction
Antiplatelet agents are used for the treatment and prevention of ischemic events in patients with established atherothrombosis or with risk factors for vascular diseases. Although the early and late benefits of dual antiplatelet treatment (DAPLT) have been demonstrated in multiple studies, concerns regarding the extended use of DAPLT persist. The guidelines recommend continuing DAPLT for over 12 months after implantation of a drug-eluting stent (DES) in patients at low risk of bleeding [1] . Although effective, DAPLT increase the risk of bleeding and bleeding events are associated with worse short-and long-term outcomes [2] .
Diabetes mellitus is considered as a major risk factor for cardiovascular events, and coronary thrombosis is more often observed in such patients, as this condition is characterized by elevated concentrations of procoagulant factors which are up-regulated, contributing to a prothrombotic status [3] . Diabetic patients (DP) have an increased risk for restenosis and their clinical follow-up (FU) is often characterized by a higher incidence of death, myocardial infarction (MI) and revascularization [4, 5] . For these reasons, it is not surprising that DAPLT in DP is often maintained for more than 12 months, exposing them to a potential increased risk of bleeding complications.
Analyses of bleeding risk among high-risk vascular patients taking antiplatelet therapy for up to 1 year have been reported, and risk factors have been identified [6] . In this study, we assessed the frequency, correlates, and clinical significance of bleeding complications, as well as the outcome regarding major adverse cardiovascular events (MACE), in DP treated with long-term DAPLT after DES implantation.
Patients and methods
In this single center prospective registry, 610 consecutive DP (male 80%, mean age 65 ± 9 years) underwent PCI from September 
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IJC Heart & Vasculature j o u r n a l h o m e p a g e : h t t p : / / w w w . j o u r n a l s . e l s e v i e r . c o m / i j c -h e a r t -a n d -v a s c u l a t u r e sirolimus-eluting (CYPHER, Jonhnson and Johnson Co), 10% paclitaxeleluting (TAXUS, Boston Scientific Co), and 10% combined] in their native coronary arteries or aorto-coronary bypass grafts. Eligible patients had a history of stable or unstable coronary artery disease, including acute MI, and a manifest diabetes mellitus treated with oral antidiabetic agent, insulin or both; PCI was performed to treat de novo or restenotic lesions. Major exclusion criteria were hemorrhagic diathesis, known use of warfarin, contraindications to the use of aspirin and thienopyridines, and coexisting conditions that limited life expectancy to less than 12 months.
All patients were treated with oral aspirin (at least 100 mg daily) and clopidogrel (a loading dose of 600 mg was given as soon as possible during the procedure for those without pretreatment, followed by 75 mg daily). Patients were advised to maintain DAPLT for at least 12 months; the use of DAPLT for a longer period was encouraged and left to the physician's discretion.
Follow-up, endpoints and definitions
Five years clinical FU was obtained in 587/610 (96%) patients. Clinical outcomes and bleeding complications during FU were obtained by clinical visits in the hospital or serial direct telephone contact (every 12 months) by research fellows of our Cardiology Department and entered into a dedicated database; in case of hospitalization full data from hospital records were received. During the FU period, 89% of patients received DAPLT for 12 months, 68% for 2 years, 64% for 3 years, 59% for 4 years and 56% for 5 years; furthermore 376 (64%) patients remained continuously on DAPLT, whereas 211 discontinued one of the two antiplatelet regiments. There were no differences in demographics, clinical and procedural characteristics in patients on DAPLT vs. single antiplatelet treatment (SAPLT) ( Table 1) .
The primary study end point was the occurrence of any bleeding according to TIMI [7] or Bleeding Academic Research Consortium [8] (BARC) definitions at clinical FU. We also assessed the MACE, defined as the combination of all-cause mortality/non-fatal MI/cerebrovascular accident (CVA) and the occurrence of definite/probable stent thrombosis according to the Academic Research Consortium (ARC) classification [9] .
Statistical analysis
Continuous variables are presented with mean and standard deviation (SD) or with median and interquartile range (IQR). Quantitative variables are presented with absolute and relative frequencies. Life table analyses were used to calculate cumulative free bleeding rate for specific time intervals. Event rates were calculated dividing the number of events occurring during the study period by the number of personyears of observation. Incidence rates were presented as the number of events/1000 person-years. The association of each study variable with bleeding was assessed by univariate Cox regression analysis. Variables that showed significant association with the outcome were included in the multivariate Cox proportional-hazard model in a stepwise method (p for removal was set at 0.1 and p for entry was set at 0.05) in order to determine the independent factors for bleeding. Hypothesized interactions of variables in the models were not significant. The assumption of proportional hazards was evaluated by testing for the interaction with a continuous time variable. Hazard ratios (HR) with their 95% Confidence Interval (CI) were also computed to evaluate the association of clinical FU variables (stent thrombosis, death, non-fatal MI, CVA) with bleeding and antiplatelet treatment. Kaplan-Meier estimates for bleeding events were constructed over the FU period. All p values reported are two-tailed. Statistical significance was set at 0.05 and analyses were conducted using STATA statistical software (version 9.0).
Results

Bleeding
Two (0.3%) major periprocedural bleeding events according to TIMI definition were observed; these events were excluded from further analysis. Among the 587 patients with complete FU data, 90 (15.3%) presented any bleeding event over a median of 30 months; seven out of ninety (7.8%) were classified as having a major bleeding and 83 (92.2%) minor/minimal bleeding according to TIMI definition. According to BARC definition, 10.8% (n = 60) of the study patients had type 1 bleeding and 2.9% (n = 15) for each, type 2 and type 3 bleeding (type 3a 1.6%, type 3b 1.2% and type 3c 0.2%). The most common type of bleeding was upper gastrointestinal (32.2%), followed by bruising (18.4%), hematuria (11.5%), nasal (6.9%), lower gastrointestinal (4.6%), and intraocular (3.4%); intracranial bleeding occurred in 1.1% and other types of bleeding such as gingival, menorrhagia, hemoptysis, in 21.9%. The bleeding event rate/1000 patient-years were 34.85 (95% CI: 28.4-42.7). Cumulative bleeding-free rate for the first year was 97.8% [standard error (SE) 0.6%], for two years 94.5% (SE = 0.9%) and for five years 85.9% (SE = 1.5%) (Fig. 1) .
Demographics, clinical and procedural characteristics of all patients and in association with bleeding are presented in Table 2 ; acute coronary syndromes and smoking had a significant role for bleeding complications (HR 1.67, 95% CI 1.10-2.53, p = 0.015 and HR 1.57, 95% CI 0.99-2.48, p = 0.050 respectively). The results, when the association of demographics, clinical and procedural characteristics with major or minor/minimal bleeding according to TIMI classification was assessed, are shown in Table 3 . There were also no differences in the baseline characteristics between those without bleeding and those with type 1, 2 or 3 bleeding according to BARC classification, except of acute coronary syndromes and smoking which were more frequent in type 2 and type 3 bleeding respectively (Table 4) . During the total FU period any bleeding event occurred in 21.1% of patients on DAPLT and in 4.4% of patients on SAPLT (HR 5.33, 95% CI: 2.68-10.61, p b 0.001), (Fig. 2) ; all patients on SAPLT were either on aspirin (66%) or clopidogrel (34%) treatment at the time of the event. Twenty one patients (3.6%) had bleeding complication during the first year of FU and all of them were on DAPLT. Twenty of them were classified as having a minor bleeding according to TIMI definition while 17 as having bleeding type 1 or 2 according to the BARC definition. Excluding patients with (Table 5) , showed no significant different hazard between patients on DAPLT or SAPLT; on the contrast, a significant association of DAPLT with bleeding types 1 and 2, such as minor/minimal bleeding complications according to TIMI classification was observed. When multiple Cox proportional hazard analysis in a stepwise method was conducted, DAPLT treatment, smoking and acute coronary syndromes were predictors for overall bleeding complications (HR 5.35, 95% CI: 2.69-10.67, p b 0.001, HR 1.65, 95% CI: 1.05-2.61, p = 0.030 and HR 1.63, 95% CI: 1.07-2.47, p = 0.021 respectively); DAPLT treatment and acute coronary syndromes were also predictors for bleeding type 1 or 2 (HR 8.17, 95% CI 3.29-20.25, p b 0.001and HR 1.58, 95% CI 1.00-2.50, p = 0.048 respectively) and minor/minimal bleeding according to TIMI definition(HR 7.45, 95% CI: 3.25-17.12, p b 0.001and HR 1.61, 95% CI: 1.05-2.49, p = 0.030 respectively).
Clinical events
There was no difference in the incidence of all-cause mortality, nonfatal MI, and CVA in patients on DAPLT vs. SAPLT at FU (12% vs 9%, HR 1.39, 95% CI 0.83-2.32, p = 0.207 for death, 4.2% vs 3.5%, HR 1.23, 95% CI 0.53-2.86, p = 0.617 for non-fatal MI, and 4.2% vs 3.5%, HR 1.24, 95% CI 0.54-2.88, p = 0.606 for CVA); the incidence for MACE was 18.7% and 13.7% respectively (HR 1.41, 95% CI 0.93-2.14, p = 0.10). During the first year of FU, 18 (3%) patients presented MACE, 15 (83.3%) of which were on DAPLT (p = 0.02); 79 patients (13.9%) presented MACE after the 1st year of FU. Patients on DAPLT after the first year of FU did not have significant hazard of MACE as compared with those on SAPLT (17% vs 15.8%, HR 1.1, 95% CI 0.64-1.87, p = 0.73). The cumulative survival rate at 5 years was 88% in patients on DAPLT and 91% on SAPLT. Patients with bleeding complications had no significant different hazard for stent thrombosis, death, non-fatal MI or CVA ( Table 6 ). The incidence of definite/probable stent thrombosis was 2.1% in patients on DAPLT and 0.8% on SAPLT (HR 1.32, 95% CI 0.27-6.58, p = 0.73); all 4 definite and 3 probable stent thrombosis were on DAPLT whereas 2 probable stent thrombosis were on SAPLT. Regarding the time of the events, 1 definite and 1 probable (on DAPLT) occurred on day 7 and day 25 after PCI respectively, 2 definite occurred during months 8 and 11 and 1 probable (on DAPLT) during month 5 Fig. 1 . Cumulative bleeding free rates during the follow-up period. Cumulative bleeding-free rate for the first year was 98.0% (SE = 0.6%), for two years 95.3% (SE = 0.9%) and for five years 89.4% (SE = 1.3%). after PCI and finally 1 definite and 3 probable stent thrombosis were considered as very late month 54 and months 27, 29, and 40 respectively. During the FU period 127 patients (21.6%) underwent repeat PCI procedure either for target lesion revascularization (n = 20), non-target lesion revascularization due to disease progression (n = 89), or both (n = 18). No significant differences in bleeding events were observed between this group of patients and those without repeat revascularization (HR 1.09, 95% CI 0.68-1.74, p = 0.719).
Discussion
This study showed that long-term DAPLT after PCI in DP significantly increases the risk of overall bleeding complications, but this increase is limited to minor bleeding, irrespective the definition is used; this excess risk is steady for the whole period of FU. Except for the use of DAPLT, smoking and acute coronary syndromes were also predictors for overall bleeding, whereas bleeding did not correlate with MACE or definite/ probable stent thrombosis. Because the definition clearly plays an important role in terms of the measured incidence of bleeding, two definitions were used in the current study for a better interpretation of the results.
Unlike ischemic clinical events such as cardiac death, MI, or stent thrombosis, there is substantial heterogeneity among the many bleeding definitions currently in use. Current bleeding definitions consist of both laboratory parameters, such as decreases in hemoglobin and hematocrit scores, and clinical events, including the need for transfusion or surgery, cardiac tamponade, hematomas, and various degrees of bleeding. Each definition incorporates a different combination of these data elements and then rank orders these combinations into severity categories, which vary widely between definitions. The Thrombolysis in Myocardial Infarction (TIMI) bleeding criteria have been in use for nearly 30 years, and have been reported in most cardiovascular trials. The need to develop and standardize bleeding end-point definitions led the Bleeding Academic Research Consortium to propose new objective, hierarchically graded, consensus classification for bleeding.
In this study, regardless of the definition used, the severity of bleeding was almost similar, as about 86% of patients defined as having minor/minimal bleeding according to TIMI definition presented as also having type 1 or 2 bleeding according to BARC definition.
The prolong use of DAPLT results in markedly reduced risk of thrombotic events associated with stent implantation but concerns regarding the extended use of DAPLT persist, mainly due to the bleeding risk. The incidence of increased bleeding with DAPLT has been well examined in several studies. In the CURE trial, clopidogrel and aspirin therapy was associated with a significant increase in major and minor bleeding compared with aspirin alone, but no increase in life-threatening bleeding events was observed [10] . Similarly, in a meta-analysis of 18 randomized trials, DAPLT therapy was associated with a significantly increased risk of major and minor bleeding events compared to single agent therapy; [11] although based on small numbers, there were no significant differences in fatal or intracranial bleedings. In the CHARISMA trial the rate of severe bleeding (according to GUSTO definition) was not significantly greater with DAPLT, but a significant increase in the incidence of moderate bleeding was observed [12] . In the same trial, the risk of moderate or severe bleeding while on DAPLT was greater in the first year, but after this period the bleeding rates were similar in both groups. Generally, in trials evaluating extended treatment with DAPLT major bleeding rates have ranged from~2% to~4% [10, 12, 13] . There were 56 deaths (11.3%) in no bleeding group in this study, and only 7 (7.8%) in bleeding group but this difference was not statistically significant. This is an unusual finding and someone could consider that these patients were "prevented" from having a bleeding event by dying. Several studies have examined the relationship between bleeding, mortality and other MACE. In these studies different definitions of bleeding were used, including not only the TIMI definitions, used in this study, but more than a dozen others [14] . A few definitions have been reported to be associated with mortality or other events such as GUSTO [15] definition in the CHARISMA trial. Less severe bleeding sometimes becomes clinically more important with long term therapies, because minor bleedings may lead to discontinuation of antiplatelet treatment by the patient. Withdrawal of DAPLT has been reported as a cause of stent thrombosis after DES implantation; furthermore, discontinuation of DAPLT seems to be the most potent predictor of the late stent thrombosis, and barring a bleeding contraindication, provides sufficient reason to recommend extended DAPLT in patients treated with DES, particularly those with acute coronary syndrome or diabetes mellitus [16] [17] [18] .
On the other hand, several trials [19, 20] have shown no significant benefit associated with the extended continuation of DAPLT in reducing the incidence of cardiovascular events; in addition, a significant increase in the number of actionable bleeding episodes has been observed [20] . In a recent meta-analysis of randomized trials, the extension of DAPLT duration increased the risk of TIMI major bleeding without reducing ischemic events [21] . In another study 6-month vs. longer DAPLT duration was not associated with increased likelihood of thrombotic events at 3-year FU, while major bleeding was negligible across groups [22] .
Of interest is the observation, that smoking had a significant role in the occurrence of bleeding in our study patients. In a recent study, smoking was found to be a risk factor for serious bleeding [23] . Clopidogrel is metabolically activated by several hepatic cytochrome P450 (CYP) isoenzymes, including CYP1A2; [24] cigarette smoking induces CYP1A2 [25] and may, therefore, enhance the conversion of clopidogrel to its active metabolite, associated with increased platelet inhibition and lower aggregation as compared with nonsmokers [26] . These clinical observations may be explained by the adverse effects that smoking has on mucosal aggressive and protective factors [27] .
Limitations
This is a single center non-randomized prospective study with the decision about the duration of DAPLT after 12 months determined by the physicians' discretion. Duration of DAPLT was widely variable, and hidden compounders may be impossible to adjust; however there were no differences on demographics and clinical or procedural characteristics in patients on DAPLT vs. SAPLT treatment at any time period after 12 months.
The study was conducted when only 1st generation DES were available, so the results could be considered as less relevant to current day PCI-practice with newer DES designs. Furthermore, diabetic patients often remain on DAPLT for a long period of time as a high risk subset of patients or due to extensive cardiovascular disease.
Although clinical FU was completed in 96% of patients, there is still a risk of under as well as over reporting of adverse events. Different definitions of bleeding, other than TIMI or BARC definition used in this study, could lead to different results about the safety of long-term antiplatelet treatment.
Conclusions
Prolong DAPLT increases the risk for bleeding (especially minor, according to TIMI definition and type 1 or 2 according to BARC definitions) in DP, and this excess risk is steady for the whole period of clinical FU. Bleeding complications are not associated with increased risk of definite/probable stent thrombosis or MACE. Acute coronary syndromes and smoking may have a significant role in the occurrence of bleeding in DP on DAPLT, but this observation needs further investigation.
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